Summary: The tongue of Enhydra lutris (sea otter), died from brain contusion at the first day of its age, was investigated by light and scanning electron microscopy in this study. Three types of papillae (filiform, fungiform and circumvallate papillae) were present on this tongue. In our evaluation, the filiform papillae were divided into four shapes which were conical, club-shaped, large horny and triangular papillae. The different types of filiform papillae were located in different area of this tongue. The fungiform papillae were divided into two shapes, which were hemispherical or club-shaped, and were distributed among the filiform papillae on the dorsal and the margin of the tongue. These papillae had many taste buds in the epithelium of the dorsal aspect of them. The circumvallate papillae were present in a V-shaped row at the posterior part of the lingual body, and many taste buds lay in the epithelium of both the lateral walls facing the trench and dorsal aspect of the papillary body, and then the ducts of the serous glands opened into the floor of the trenches. The lingual mucosa of the interpapillae area at the pharyngeal part of the tongue contained taste buds and the ducts of the mixed glands opened there. Based on our examination, the lingual papillae of this newborn sea otter had many features which were described to be peculiar to young stage of mammals.
It is generally accepted that the morphology of lingual papillae in mammalian tongues varies with species. Sontag (1920) made a report about the morphology of lingual papillae, which included the filiform, fungiform, circumvallate and foliate ones, and about those variation and the difference in number of circumvallate papillae by species.
Although Mustelidae almost lives on land, the sea otter (Enhydra lutris) and the river otter (Lutra canadensis) live in water. The sea otter is the smallest one in all marine mammals and the features appear to be similar to Pinnipedia, so it may be necessary to compare the tongue of this animal with that of other marine mammals. There are many reports about the sea otter, but the description about the anatomy of its tongue is very few.
In this paper, the morphological and histological characters of the tongue of the newborn sea otter are described in detail and compared with those of other mammals.
Material and Methods
Enhydra lutris (body weight 1.4 kg, body length 56 cm), which is also named as sea otter, was used for the observation in this study. The sea otter, died from brain contusion at the first day of its age, was fixed with 10% neutral formalin solution after anatomy and the tongue was sent to our laboratory. After macroscopic observation, the tongue was divided into two near the median.
One side of this specimen was cut into several pieces, then dehydrated in graded ethanol and embedded in palaffin. Then these pieces of specimens were sectioned frontally and sagittaly in 4 tun, and stained with hematoxylin-eosin before observation by light microscopy.
The other side of specimen was fixed with 1/2 Karnovsky solution over night and post-fixed in phosphate-buffered 1% osmium tetroxide solution at 4°C for 2 hours. This procedure was followed by dehydration, freezing point drying and platinumpalladium ion-sputtering in order. Then they were examined under scanning electron microscope (Hitachi S-530). After the observation, this specimen was embedded in palaffin, sectioned sagitally in 8 tim , and stained with hematoxylin-eosin.
Results
The tongue of the sea otter was rectangular and had a shallow apical median sulcus separating it into two lateral parts. This tongue was about 40 mm in length and about 19 -21 mm in width. In the tongue, the sulcus terminals, sulcus median linguae were unclear. Lyssa and sublinguae were absent (Fig. 1) .
The tongue was covered with stratified squamous epithelium. At height magnification by scanning electron microscopy, microridges were distributed over the whole surface of all papillae. The phenomenon of thickening over margins of the cells was unclear.
Three types of papillae (filiform, fungiform and circumvallate papillae) were present on the dorsal surface of the tongue, but the foliate papillae were absent (Fig. 1) .
The filiform papillae were divided into four shapes of which were conical, club-shaped, large horny and triangular papillae (Fig. 1) . On the surface of the lingual body, conical filiform papillae (240-300 Rrn in height) were distributed and those points were directed backward, or backward and inward
. At the margin of the tongue, the club-shaped filiform papillae, approximately 600 800 pm in height, became higher from the posterior part to the apex of the tongue ( Fig. 2 -e,f, 3-a,b,c). Besides, the large horny filiform papillae scattered among these club-shaped ones only at the apex. These club-shaped or large horny filiform papillae protruded like fringes from the tongue. The triangular filiform papillae, which were simple ( Fig. 2-c) , or compound types with the apex divided ( Fig. 2-a ,b) , completely covered on the pharyngeal part of the tongue and arranged in overlapping each other like scaly leaf. The lingual mucosa of the interpapillae area of the pharyngeal part contained taste buds. The ducts of the mixed glands opened there.
The fungiform papillae were divided into two shapes which were hemispherical ( Fig. 2-d , 3-d) and club-shaped ( Fig. 2 -e,f, 3-c,e). The former scattered among the conical filiform papillae on the dorsal surface of the tongue, but the latter were among the club-shaped filiform papillae on the margin of the tongue. The hemispherical fungiform papillae on the posterior part of the dorsal surface of the tongue were very large (300 p.m in diameter). And they had taste buds on the dorsal aspect of these papillae. The club-shaped fungiform papillae were very similar in shape to the club-shaped filiform papillae at the margin of the tongue, but the club-shaped fungiform papillae had taste buds in the epithelium near the top of them (Fig. 2-e, 3-c) .
The circumvallate papillae were present in a V-shaped row (Fig. 1) , and the three small papillary bodies (triplet papillary bodies) were observed ( Fig.   2-b) . These triplet papillary bodies were completely separated. And then, it was difficult to detect papillary bodies without histological observation, either because they were concealed by overhanging triangular filiform papillae (Fig. 4-a,b ) or because they were very small (Fig. 4-b,d ). Many fissures were observed on the dorsal aspect of the large papillary body which branched (Fig. 2-b,4-c) . There were many taste buds on the lateral walls facing the trench and the dorsal aspect of the papillae (Fig. 4-a,b,c) . The vallum were divided into many concentric circles of lobules, which were reniform or conical appearance (Fig. 2-b) . The ducts of the serous glands (of von Ebner) opened into the floor of the trenches.
Discussion
It is reported that the average weight and length of the sea otter at birth is from 1.4 to 2.3 kg and 0.55 m (Kenyon 1969 , Walker 1975 . From these reports, it may be considered that this newborn sea otter must have developed normally.
The morphology and the histological charactores on the tongue of Mustela, Lutra and other marine mammals were as follows.
According to Furubayashi's report (1989), filiform, fungiform, vallate and foliate papillae were present on the tongues of adult Japanese weasels (Mustela itatsi).The vallate and foliate pappillae were furnished with taste buds, but the fungiform were not. Taste buds on the vallate papillae were present only in the epithelium of the lateral walls facing the trench. Tuckerman (1890) described that filiform, fungiform, circumvallate papillae are present on the tongue of the river otter (Lutra canadensis). Seven or eight circumvallate papillae are observed on the tongues of adult Lutra, but in the young ones, six or seven circumvallate papillae are observed. In the young Lutra, the bulbs (taste buds) were present in the epithelium of the dorsal aspect, the lateral walls of the circumvallate papillae and the outer wall of the trench, whereas those which were on the dorsal aspect were absent in adult Lutra. Besides, the fungifot in papillae contained the bulbs on the dorsal aspect of them.
As for the pennipedia, Kubota (1968) showed that filiform, fungiform and one to five vallate papillae were present on the tongues of fetal or adult fur seals (Callorhinus ursinus). Then only vallate papillae were with taste buds.
Unlike most of Mustaridae and other marine mammals, the sea otter has an unique habit of feeding while floating on its back. The molars of them are broad, flat, and well-adapted to crushing shells of crustaceans, snails, sea urchins and mussels (Walker 1975 ). Other marine mammals often swallow the foods wholly with water without masticating. It is, therefore, described that the gustatory papillae and glands of marine mammals such as Pinnipedia and Cetacea tend to degenerate (Sonntag 1923 a, Kubota 1968 . In this report, three types of papillae (filiform, fungiform and circumvallate papillae) were present on the dorsal surface of the tongue.
The tongue of the sea otter may play more important role on masticating than that of other marine mammals.
Taste buds were present in the epithelium of the circumvallate, fungiform papillae and the mucosa of the pharyngeal part of the tongue. The location of taste buds on circumvallate papillae were very similar to that of the young Lutra canadensis. According to Sonntag (1925) , taste buds occur on the whole aspect of the circumvallate papillae in many new-born animals, and those on the dorsal aspect are more numerous at birth than in adult life. Afterwards, the taste buds on the dorsal aspect diminish as the age advances. Reports on Lutra canadensis (Tuckerman, 1890) coincide with the description by Sonntag (1925) . It is necessary to compare our results with those of the adult sea otter.
In the present study, it was difficult to number the papillary bodies of the circumvallate papillae, because there were several papillary bodies of different sizes in the same trench. The vallum of the circumvallate papillae were not distinguish in shape from the neighbouring filiform papillae. There is a possibility that the circumvallate papillae of the new born sea otter may be under progressive changes.
By previous reports (Habermehl 1952 , Yamasaki 1978 , the fringing papillae of the lingual margin have been observed in the prenatal and newborn mammals, and then they have disappeared at the end of the suckling period. These authors assumed that the fringing papillae might have a relation to suckling. Habermehl (1952) showed that these fringing papillae have no taste buds and become more minute at the apex of the tongue.
In this study, the characteristic club-shaped filiform papillae, approximately 600-800 im in height on the lingual margin and the lingual apex, were observed. The became higher towards the apex of the tongue, and only at the apex, large horny filiform papillae were present among them.
In comparing the fringing papillae with the filiform papillae of this study, the latter are higher than the former at the apex of the tongue. There were few reports on such high papillae at the apex of the tongue in young or adult mammals. The results of the present study indicate that the high club-shaped and large horny filiform papillae of the newborn sea otter are somewhat different from the fringing papillae. These filiform papillae of this tongue may have important mechanical functions during suckling. Possibly these structures at the apex may be helpful for the adult sea otter to take foods. Based on our examination, the lingual papillae of this newborn sea otter had several features which were described to be peculiar to young stage of mammals. The question whether these features are evident to the sea otter or just a stage in its development still remains. 
